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Abstract
Background: Takotsubo syndrome (TTS) and spontaneous coronary artery dissection (SCAD) are 
now increasingly recognized. Both conditions predominantly affect females; however, the exact patho-
physiology remains unclear. Large multi-center databases can help elucidate the underlying mechanism 
and optimize treatments to improve outcomes by allowing us to compare features and outcomes of pa-
tients with TTS and patients with SCAD. 
Methods: Takotsubo syndrome patients were enrolled from the International Takotsubo Registry and 
compared to SCAD patients from the Canadian Spontaneous Coronary Artery Dissection Cohort Study. 
In total 2098 TTS patients and 750 SCAD patients were included in the present study. 
Results: More than 85% of patients in both groups were females. TTS patients were older compared 
to SCAD patients. Physical triggers were more common in TTS patients, while emotional triggers and 
non-identifiable triggering events were more common in SCAD patients. Left ventricular ejection frac-
tion was more impaired in TTS compared to SCAD. TTS patients had more major cardiovascular risk 
factors, while SCAD patients had a higher rate of migraines and anxiety disorders than TTS patients. 
Thirty-day mortality was significantly higher in TTS patients, while 30-day stroke rates were compa-
rable between groups.
Conclusions: These findings suggest that women are at higher risk for TTS and SCAD compared to 
men, which should be considered in the differential diagnosis of those presenting with acute coronary 
syndrome. Additionally, emotional stressors play a significant role in triggering events particularly in 
younger women suffering from SCAD. The present findings may help clinicians better differentiate these 
two entities and aid in the appropriate risk stratification, diagnosis, and management.
Trial registration: ClinicalTrials.gov no. NCT01947621. (Cardiol J)
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Advancements in diagnostic techniques, par-
ticularly echocardiography and coronary angiogra-
phy, have led to recognition a novel classification in 
acute coronary syndromes (ACS), caused by non-
-obstructive coronary artery disease, coining the 
term myocardial infarction with non-obstructive 
coronary arteries (MINOCA). MINOCA encom-
passes a diverse category of patients with symp-
toms and positive cardiac biomarkers without ob-
structive coronary artery disease [1]. Spontaneous 
coronary artery dissection (SCAD) and takotsubo 
syndrome (TTS) are increasingly recognized con-
ditions in MINOCA due to heightened awareness.
In 2014 the literature reported 24–35% of 
myocardial infarction in women age < 60 years 
as a result of SCAD. SCAD has been reported in 
1.0–4.0% of all patients presenting with ACS [2, 3]. 
Similarly, 1–4% of patients presenting with el-
evated troponin and ACS are diagnosed with TTS 
[4–6]. SCAD is due to nonatherosclerotic separation 
of the coronary artery wall and predominantly affects 
the female population [2]. Similarly, TTS has a pre-
dilection for female patients and is probably due to 
a catecholamine surge causing transient myocardial 
stunning [7]. The exact pathophysiology of both en-
tities remains unclear. Therefore, this study aimed 
to compare clinical features and outcomes of TTS 
patients from the International Takotsubo Registry 
to SCAD patients from the Canadian Spontaneous 
Coronary Artery Dissection Cohort Study. 
Methods
Study population
Takotsubo syndrome patients were enrolled 
from the International Takotsubo Registry, which is 
a multicenter study across 35 centers in 11 coun-
tries. TTS was diagnosed according to InterTAK 
Diagnostic Criteria [5]: 1) Transient left ventricular 
(LV) wall motion abnormality presenting as apical 
ballooning or midventricular, basal or focal wall 
motion abnormalities. The wall motion abnormality 
usually extends beyond a single epicardial coronary 
artery distribution; however, in rare cases, espe-
cially in focal TTS, wall motion abnormality may be 
limited to a single coronary artery distribution. TTS 
patients who died during the acute phase, before 
complete recovery of LV wall motion, were also 
eligible for inclusion. 2) A TTS event is typically 
triggered by emotional, physical or combined stress. 
However, this is not obligatory. Neurologic disorders 
or pheochromocytoma may also serve as triggers. 
3) The appearance of new electrocardiographic 
(ECG) abnormalities. Occasionally there may not 
be any ECG changes. 4) Occurrence of moderate 
elevations of cardiac biomarkers (troponin and/or 
creatine kinase). Elevation of B-type natriuretic 
peptide is common. 5) Coexisting significant coro-
nary artery disease, which is not related to the wall 
motion abnormality, does not rule out TTS. 6) No 
evidence of infectious myocarditis.
Clinical characteristics and outcomes of 2098 
TTS patients from the InterTAK Registry were 
compared to a previously published study by Saw 
et al. [8], which included 750 SCAD patients from 
the Canadian SCAD cohort study. SCAD was 
documented by review of coronary angiograms and 
categorized according to an angiographic classifica-
tion by Saw et al. [8] in three distinct SCAD types 
as previously described [8, 9]. Patients with ath-
erosclerotic disease with diameter ≥ 50% were not 
included in the Canadian SCAD cohort study [8]. 
Statistical analysis
Continuous variables are presented as means 
with standard deviations or medians with quar-
tiles, whereas categorial variables are presented 
as percentages. Continuous variables expressed 
as medians with quartiles in SCAD were assessed 
graphically for their distribution in TTS, using 
histograms and Q-Q plots. Symmetry of the dis-
tributions in both groups was assessed visually 
using distances of the quartiles to the median. An 
approximately normal distribution of the following 
variables: height, weight, body mass index, and left 
ventricular ejection fraction (LVEF) on admission 
was considered acceptable. They were compared 
between TTS and SCAD using the Welch test, in 
which the mean in SCAD was estimated as the 
median and the standard deviation was estimated as 
the interquartile range (IQR) divided by 1.349. Cat-
egorial variables were compared using Pearson’s 
chi-squared test with Yates’ continuity correction. 
Statistical analyses were performed using R ver-
sion 3.5.1 (R Foundation for Statistical Computing, 
Vienna, Austria).
Results
A total of 2098 TTS and 750 SCAD patients 
were included, with main patient characteristics 
summarized in Table 1. TTS patients were older 
(66.9 ± 12.8 years vs. 51.8 ± 10.2 years; p < 
< 0.001). There were no sex differences observed 
between groups (90.4% vs. 88.5%; p = 0.17) 
because both groups comprised predominantly 
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Saw et al. [15] 
(n = 750)
P
Demographics      
Female sex — no./total no. (%) 1896/2098 (90.4) 664/750 (88.5) 0.17
Age [years] 66.9 ± 12.8 (N = 2098) 51.8 ± 10.2 (N = 750) < 0.001
Height [cm] 1.64 ± 0.7 (N = 1554) 1.65 ± 0.08 (N = 750) 0.003
Weight [kg] 65.0 ± 12.6 (N = 1597) 73.0 ± 12.6 (N = 750) < 0.001
Triggers — no./total no. (%)      
Physical trigger 758/2098 (36.1) 216/750 (28.8) < 0.001
Emotional trigger 622/2098 (29.6) 377/750 (50.3) < 0.001
No evident trigger 570/2098 (27.2) 252/750 (33.6) 0.001
Symptoms on admission — no./total no. (%)      
Chest pain 1409/1894 (74.4) 686/750 (91.5) < 0.001
Dyspnea 887/1895 (46.8) 7/750 (0.9) < 0.001
Troponin — no./total no. (%)      
Elevated troponin 1407/1599 (88.0) 732/750 (97.6) < 0.001
ECG on admission — no./total no. (%)      
ST-segment elevation 794/1845 (43.0) 223/750 (29.7) < 0.001
ST-segment depression 142/1845 (7.7) 47/750 (6.3) 0.24
T-wave inversion 765/1845 (41.5) 138/750 (18.4) < 0.001
Left bundle branch block 84/1845 (4.6) 5/750 (0.7) < 0.001
LVEF on admission      
LVEF 40.0 ± 10.4 (N = 1851) 55.0 ± 7.4 (N = 750) < 0.001
LVEF < 50% — no./total no. (%) 1426/1851 (77.0) 188/734 (25.6) < 0.001
LVEF < 35% — no./total no. (%) 477/1851 (25.8) 28/734 (3.8) < 0.001
Cardiovascular risk factors — no./total no. (%)      
Hypertension 1340/2042 (65.6) 241/750 (32.1) < 0.001
Diabetes mellitus 312/2039 (15.3) 34/750 (4.5) < 0.001
Current smoking 393/1963 (20.0) 87/750 (11.6) < 0.001
Positive family history of CAD 349/1765 (19.8) 285/750 (38.0) < 0.001
Hypercholesterolemia 658/2009 (32.8) 152/750 (20.3) < 0.001
Medical history — no./total no. (%)      
Migraine 88/1859 (4.7) 244/750 (32.5) < 0.001
Depression 351/1858 (18.9) 146/750 (19.5) 0.78
Anxiety 125/1858 (6.7) 148/750 (19.7) < 0.001
Hypothyroidism 256/2024 (12.6) 85/750 (11.3) 0.38
Medication at discharge — no./total no. (%)      
ACEI or ARB 1450/1832 (79.1) 430/749 (57.4) < 0.001
Beta-blocker 1397/1832 (76.3) 632/749 (84.4) < 0.001
Calcium-channel antagonist 161/1832 (8.8) 78/749 (10.4) 0.22
Statin 932/1832 (50.9) 413/749 (55.1) 0.054
ASA 1186/1832 (64.7) 702/749 (93.7) < 0.001
ADP-receptor antagonist 210/1832 (11.5) 505/749 (67.4) < 0.001
Acute cardiac care treatment — no./total no. (%)      
Catecholamine use 255/2081 (12.3) 9/750 (1.2) < 0.001
Intra-aortic balloon pump 51/2081 (2.5) 6/750 (0.8) 0.009
Outcomes — no./total no. (%)      
In-hospital death 93/2098 (4.4) 1/750 (0.1) < 0.001
30-day-mortality 93/2098 (4.4) 1/750 (0.1) < 0.001
30-day Stroke/TIA 23/2098 (1.1) 9/750 (1.2) 0.97
ACEI — angiotensin-converting enzyme inhibitor; ADP — adenosine diphosphate; ARB — angiotensin-receptor blocker; ASA — acetylsalicylic 
acid; CAD — coronary artery disease; ECG — electrocardiogram; LVEF — left ventricular ejection fraction; TIA — transient ischemic attack; 
TTS — syndrome takotsubo; SCAD — spontaneous coronary artery dissection
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females. Physical triggers were more common in 
TTS patients (36.1% vs. 28.8%; p < 0.001), while 
emotional triggers (50.3% vs. 29.6%; p < 0.001) 
or non-identifiable triggering events (33.6% vs. 
27.2%; p = 0.001) were more common amongst 
SCAD patients. TTS patients more often had dys-
pnea (46.8% vs. 0.9%; p < 0.001) but less frequent-
ly presented with chest pain (74.4% vs. 91.5%; 
p < 0.001). ST-segment elevation (43.0% vs. 29.7%; 
p < 0.001), T-wave inversion (41.5% vs. 18.4%; 
p < 0.001), and left bundle branch block (4.6% vs. 
0.7%; p < 0.001) were detected more frequently in 
TTS patients on admission electrocardiogram, but 
no significant differences in ST-segment depression 
(7.7% vs. 6.3%; p = 0.24) were reported. LVEF was 
more impaired in TTS patients (40.0 ± 10.4% vs. 
55.0 ± 7.4%; p < 0.001). TTS patients had more 
cardiovascular risk factors including hypertension, 
current smoking, diabetes mellitus, family history, 
or hypercholesterolemia. Of note, SCAD patients had 
a higher rate of migraines (32.5% vs. 4.7%; p < 0.001) 
and anxiety disorders (19.7% vs. 6.7%; p < 0.001).
At discharge, TTS patients were more likely 
to be prescribed angiotensin-converting enzyme 
inhibitors or angiotensin-receptor blockers (79.1% 
vs. 57.4%; p < 0.001), while patients with SCAD 
were discharged more often on beta-blockers 
(84.4% vs. 76.3%; p < 0.001), acetylsalicylic acid 
(93.7% vs. 64.7%; p < 0.001), and adenosine di-
phosphate receptor antagonists (67.4% vs. 11.5%; 
p < 0.001). 
Takotsubo syndrome patients required more 
acute cardiac care treatment including catechola-
mine administration (12.3% vs. 1.2%; p < 0.001) 
and hemodynamic support with intra-aortic bal-
loon pump (2.5% vs. 0.8%; p = 0.009). Thirty-day 
mortality was significantly higher in TTS patients 
(4.4% vs. 0.1%; p < 0.001), while 30-day stroke 
rates were comparable between the groups (1.1% 
vs. 1.2%; p = 0.97).
Discussion
Our observational study reveals noteworthy 
findings in these unique patient populations. While 
the majority of patients were females, TTS patients 
were substantially older with more cardiovascular 
risk factors. However, interestingly, the SCAD 
population had a higher prevalence of anxiety and 
migraines. This may be age related because multiple 
studies have shown that the prevalence of migraines 
and anxiety disorders among women decreases 
after menopause [10–13]. It is also surprising, 
given the traditional description of TTS as “broken 
heart syndrome”, that emotional triggers were 
identified more in the SCAD population. However, 
compared to ACS patients, the TTS group had 
a higher prevalence of psychiatric disorders, includ-
ing anxiety and depression [14]. These observations 
are hypothesis generating but offer useful insights 
into risk stratifying female patients with acute chest 
pain. Importantly, while both SCAD and TTS are 
associated with predisposing “stressful triggers”, 
the prevalence and type of triggers is different be-
tween the two groups. Physical triggers in SCAD 
were often exertional, while TTS physical triggers 
were often related to alterations in the physiological 
milieu such as intracranial hemorrhage or asthma 
exacerbation [14–16]. These distinctions may help 
explain the difference in 30-day mortality rates 
observed in our study with higher mortality rates 
in the TTS group (Fig. 1).
Figure 1. Differences and similarities (intersection) of takotsubo syndrome and spontaneous coronary artery dissec-
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Takotsubo syndrome in the form of typical LV 
apical ballooning can co-exist in SCAD patients, 
even without a “wrap-around” course of the left 
anterior descending artery [13]. Therefore, distin-
guishing between the two conditions is important 
given the different management strategies. Treat-
ment of TTS is often conservative; however, car-
diopulmonary support including mechanical device 
therapy and ventilator support may be required in 
patients with severe cardiogenic shock [14, 17, 18]. 
Similarly, SCAD patients are typically managed con-
servatively in the absence of clinical deterioration 
[19]. In cases involving left main or extensive proxi-
mal vessel dissection, percutaneous coronary inter-
vention or coronary artery bypass graft is required 
[19]. SCAD lesions usually heal spontaneously, and 
LVEF is either preserved or recovers shortly after 
[15], similarly to LVEF recovery in TTS.
While this study illustrates observations from 
a non-randomized population and has its limita-
tions, it includes a large number of patients. This 
offers remarkable clinical insight into acute cardio-
vascular conditions that particularly affect women. 
While postmenopausal women are predominately 
affected by TTS, young to middle-aged women suf-
fer from SCAD. Therefore, in women presenting 
with ACS, SCAD and TTS should be considered 
as the differential diagnosis with special atten-
tion to characteristics that harbinger poor clinical 
outcomes prompting vigorous clinical vigilance. 
Emotional and physical stressors are a common 
denominator, and perhaps a paradigm shift in risk 
factor modification should be implanted upon dis-
charge. Approximately 29% of SCAD and 2–10% 
of TTS cases have the risk of recurrence [19–21]. 
These statistics might underestimate the true 
number of cases because these conditions continue 
to remain misdiagnosed or underdiagnosed. Per-
haps in addition to medical therapy, unconventional 
therapeutic modalities including stress reduction, 
a multidisciplinary approach, and providing psycho-
social support might also be beneficial. Addition-
ally, given the overlapping characteristics in these 
two populations and the possibility of SCAD-TTS 
co-existence [22], prompt diagnostics such as 
angio graphy and repeated imaging can avoid incor-
rect management and undesirable outcomes.
Conclusions
The present findings may help clinicians bet-
ter differentiate TTS and SCAD entities and aid in 
the appropriate risk stratification, diagnosis, and 
(probably) management.
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